data support the hypothesis that NMDAR-mediated extion of medium-sized spiny striatal neurons in Huntingcitotoxicity may play a critical role in the pathogenesis ton's disease (HD). Here we show that these neurons of HD, the evidence until now has been indirect. are more vulnerable to NMDAR-mediated death in a
. In this study we tested whether MSNs from death in 6-and 10-month-old YAC72 mice might be a YAC46 and/or YAC72 mice display enhanced NMDAconsequence of other cellular changes resulting from mediated excitotoxic cell death, current influx, and casmutant htt expression, since around this age, the mice pase activation when compared with MSNs from wildshow electrophysiological abnormalities and an HD-like type FVB/N mice.
phenotype (Hodgson et al., 1999) . To help determine whether augmented sensitivity to NMDAR activation is a primary mechanism underlying increased striatal neuResults ronal degeneration in vivo, we tested whether MSNs from young (early postnatal) YAC72 mice also exhibit Enhanced Excitotoxicity in MSNs Expressing Mutant htt In Vivo enhanced vulnerability to NMDAR agonists. We used an in vitro model of excitotoxicity, treating primary neostriaTo compare susceptibility to NMDAR-mediated excitotoxicity, the NMDAR agonist quinolinic acid was injected tal cultures with NMDA and glycine for 10 min and assessing cell survival 24 hr later, similarly to models used unilaterally into the striatum of 6-and 10-month-old YAC72 mice and their wild-type littermates. Large numby others to investigate mechanisms of excitotoxicity (reviewed by Choi, 1988). Numbers of MSNs (assessed bers of striatal neurons died after intrastriatal injection of quinolinic acid in both wild-type and YAC72 transgenic by morphological criteria) remaining attached to the dish were similar between the cultures from YAC72 and wildmice, as shown in sections stained with Fluoro-Jade (Figure 1 hancement seen in the mutant mice is NMDAR subtype dependent. To ensure that the high NMDA concentration we used concentrations in this range have been shown previously to induce apoptotic death in cultured cortical was not activating other lower affinity receptors, we treated MSNs with the use-dependent NMDAR antagoneurons (Budd et al., 2000) . Similarly to our results in vivo, MSNs expressing mutant htt were found to be more nist MK-801 together with 3 mM NMDA to specifically eliminate the contribution of NMDAR activation to cell sensitive to NMDA-mediated cell death in vitro, where a larger percentage of MSNs were dead 24 hr after death. Under these conditions, cell death was reduced nearly to baseline levels (i.e., similar to cultures treated NMDA exposure in cultures from YAC72 compared to wild-type mice [two-factor ANOVA, effect of genotype with MK-801 alone), confirming that Ͼ80% of the cell death observed in response to 3 mM NMDA resulted F(1,29) ϭ 6.9, p Ͻ 0.05] ( Figure 3A) . Next, we used the terminal deoxynucleotidyl transferase-mediated dUTP from NMDAR activation in our system ( Notably, the ifenprodil-sensitive component showed a prodil for 2 hr. Cell death was measured 24 hr later by the trypan blue assay and the TUNEL assay. Interestingly, trend toward increased cell death for YAC72 compared with wild-type or YAC46 MSNs, but this difference was AMPA-stimulated cell death was reduced by 10 M ifenprodil and therefore partially mediated by NR2B-subnot significant. These data confirm that mutant htt enhances excitotoxicity mediated by NMDARs but not type NMDARs (Table 2 ). However, there was no increase in AMPAR-mediated cell death in MSNs expressing muAMPARs. Figures 3C and 3D ), indicating sion of mutant htt increased NMDAR-evoked current that NMDA-induced apoptotic death is significantly (Chen et al., 1999 ). Therefore, we tested the hypothesis higher for MSNs cultured from YAC72 mice compared that an increase in NMDAR activity in MSNs of YAC72 with wild-type mice. Notably, the ratio of caspase activmice underlies the increased sensitivity to excitotoxic ity measurements in wild-type controls to 72Q controls cell death by recording NMDA-evoked current in a measured 6 hr after exposure to salt solution alone was blinded fashion from striatal neurons acutely dissociated from the brains of 6-to 11-week-old YAC72 mice versus wild-type littermates. Using the whole-cell patch Our data strongly support a role for mutant htt in enhancsensitivity of striatal MSNs to excitotoxic cell death ining responsiveness of postsynaptic NMDARs in MSNs, duced by NMDAR activation in a transgenic mouse even in very young, presymptomatic animals; this mechmodel of HD, addressing a long-standing question reanism could act synergistically with presynaptic progarding the role of excitotoxicity in the pathogenesis of cesses, mitochondrial dysfunction, and postsynaptic HD. One potential mechanism underlying this enhanced membrane depolarization to facilitate degeneration of susceptibility of MSNs to NMDA is the increase in MSNs. NMDAR current we observed in MSNs expressing mutant htt. YAC72 neurons would be expected to be as healthy as wild-type neurons in the young (6-to 11-Potential Molecular Interactions between NMDARs and htt week-old) mice used for these studies, since neuronal degeneration does not occur in this line until after 6
Our data (see Figure 3) suggest that mutant htt effects little, if any, change in the EC 50 for NMDA-induced cell months of age. Therefore, our results are unlikely to be caused by secondary effects of cell stress due to other death, but a robust increase in maximal toxicity. This result parallels studies of modulation of glutamate repathways. In the R6/2 mice, reduced membrane area and truncated dendritic trees and spines have been obceptor currents by protein kinases, which also induce a large potentiation of the maximal current response toxicity in R6 mice (Hansson et al., 2001) . These data suggest that R6 neurons are under chronic stress and with little or no change in EC 50 (Wang et al., 1993 (Wang et al., , 1994 Statistical Analysis Significant differences were determined using the two-factor ANOVA washed in PBS, and blocked with 4% normal goat serum (NGS) in PBS for 30 min. Coverslips were then incubated with a polyclonal followed by Bonferroni-Dunn's post hoc test for pairwise comparisons, unless otherwise noted. antibody specific for the cleaved and activated form of caspase-3
